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1. Introduction
In a liaison statement [1], RAN WG1 asks RAN WG4 to evaluate whether it is feasible to meet the UTRA spectral masks using the OFDM numerology proposed in TR25.814 [2]. This paper presents an analysis of the downlink case.
Overview of the analysis in this paper:
· Generate DL OFDM waveform in time domain  
· Model spectral re-growth caused by Node B PA        

· Compare spectrum of resulting signal to UTRA spectral mask
· Propose modifications to the waveform in order to meet the mask
· No. occupied subcarriers

· Time domain windowing

· Spectrum shaping
2. Generating the OFDM Waveform
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Figure 1 Signal Generation Chain for E-UTRA DL Waveform for Evaluation of Spectral Emission
A time domain ODFM waveform has been generated for re-growth modelling and spectral analysis using the signal generation chain shown in Figure 1. Numerology is based on the 5MHz downlink of TR25.814[ 2] as follows:

Key parameters for default waveform
· FFT size: 512 points

· Sample rate: 7.68MHz

· Sub carrier spacing: 15kHz

· Number occupied subcarriers: M = 301
· Cyclic prefix: 36 samples

· Time domain windowing  (not defined in [4])
· Ramp up/down duration: r =9 samples

· Shape: 1+ cos 

· Spectrum shaping
· Number of edge subcarriers weighted: n = 0 (in default waveform)

· Shape: Cos2 (where used)
3. Re-growth Modelling

It has been proposed that spectral re-growth caused by the non-linear behaviour of the node B PA can be modelled using the ‘cubic metric’ as follows:

rg(t) = G1.s(t) + G3.s(t)3



…Eqn 1
Where:



 s(t) 
time domain voltage waveform input to PA

rg(t) 
PA output with Regrowth 

G1   
weight of the input signal in the output

G3 
weight of the third harmonic in the output 
The weights shown in Table 1 are derived by analysing the maximum re-growth that meets the mask with a 3dB margin using the reference waveform TestModel1 with 64DPCHs as defined in 25.141 [6].
Table 1 Cubic Metric weights for a typical UMTS PA at various powers

	PA ouput power
	Weights

	
	G1
	G3

	20W
	1
	-0.00255

	45W
	1
	-0.0017

	60W
	1
	-0.00146


4. Spectral Emissions Mask 

The SEM for the node B is defined in 25.104[3] which is based on the FCC part 24 rules shown in the following table:
Table 2. FCC Part 24 Rules for Out of Band Emissions, from [4]
	Frequency Offset from edge
	Level
	Measurement bandwidth

	( 1 MHz
	-13 dBm
	> "-26 dB modulation bandwidth"/100

	> 1 MHz
	-13 dBm
	1 MHz


For UTRA signal, the 26dB bandwidth is 4.4MHz, resulting in a 44KHz  measurement bandwidth. This was modified to a standard 30KHz on measurement equipment and the level adjusted accordingly to -15dBm.
As will be shown, it is this part of the mask that is challenging to meet, yet it is unavoidable where compliance with FCC part 24 is required.  The shape of the rest of the mask is shown in Figure 2.
5. Comparison of Emission Spectra with Mask
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Figure 2  Comparison of Reference and PA Output signals with the UTRA Spectrum Mask (20W)
Figure 2 compares the mask with spectra of UTRA and E-UTRA waveforms with and without re-growth. The UTRA (WCDMA) signal meets the mask with several dBs margin.  

The LTE reference signal does not meet the mask at the band edge (±2.5MHz), regardless of the impact of re-growth. Therefore, the waveform must be changed to reduce its bandwidth in the region of -10dBm.
5. Modifications to the OFDM waveform

As shown in the previous section, the bandwidth of the default OFDM waveform is too wide to meet the mask. Waveform modifications to improve the spectral emission are as follows:

1) Reduce the number of occupied subcarriers. This directly reduces signal bandwidth, but will obviously reduce the system capacity as well

2) Time domain windowing. Adjusting the shape of the time domain window can improve near-in emissions and avoid the need to reduce subcarrier occupancy.

3) Spectrum shaping. Applying weighting to symbols before IFFT can improve the spectrum in order to meet the mask. This approach has been adopted by Nokia in [5]. 
Options 2 and 3 above have similar effects of improving the shape of the spectrum to meet the mask. The difference between them is the point in the modulation process where they are implemented, as indicated in Figure 1. There will also be an impact on performance which should be evaluated by RAN1.
5.1 Reducing Subcarrier Occupancy
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Figure 3 Effect of Subcarrier Occupancy on the Spectral Emission (20W Output Power)
Figure 3 shows that with for 20W output power, the number of occupied subcarriers would need to be reduced from 301 down to 277 in order to meet the spectral mask with 1dB margin. Figure 4 shows that for 45W, only 265 carriers can be used if the mask is to be met with a 1dB margin.  This change to the waveform is undesirable as it has the direct result of reducing the over the air symbol rate and thus system capacity.  Changing to 277 or 265 carriers corresponds to 8% and 12% reductions, respectively. 
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Figure 4 Effect of Subcarrier Occupancy for 45W Output Power
5.2 Time Domain Windowing

Figure 5 shows OFDM spectra for various time domain window shapes, using a ramp time of 9 samples. It can be seen that none of the shapes achieve the mask. Therefore a change in the ramp time is needed, as shown in Figure 6.
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Figure 5 Effect of Different Time Domain Window Shapes on the Spectral Emission (9 Sample ramp time)
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Figure 6 Effect of Different Ramp times on the Spectral Emission (Linear Window Shape)
Increasing the windowing effect by using a longer ramp time improves spectral emissions as shown in Figure 6.  It can be seen that with a ramp time of r = 18 samples, the mask is met.  However, this modifies the shape of the cyclic prefix and can therefore cause Intercarrier Interference in high delay spread channels such as Typical Urban.  Therefore some performance degradation is expected and should be evaluated.
5.4 Spectrum Shaping

Weighting of the inputs to the IFFT has a filtering effect on the output waveform. Figure 7 shows how emissions are improved by weighting the outermost n subcarriers by the following shape function:

Wn = cos²((0:n-1)/pi/2/n) 

…Eqn 2
Figure 7 shows that the weighting must be applied to the outer 24 carriers in order to meet the mask with a small margin. In the 45W case (not shown) the mask is still met with the ‘24 carriers’ filter. 
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Figure 7 Effect of Spectrum Shaping on the Spectral Emission (20W Output Power)
6. Conclusions & Proposal
The initial analysis of an OFDM waveform with the default 5MHz E-UTRA numerology showed that it did not meet the Node B spectrum emission mask, regardless of any re-growth caused by the PA.  

Since the part of the mask that is violated is based on FCC part 24, then it cannot be ignored where FCC compliance is required. Where FCC compliance is not required, it may be more appropriate for E-UTRA emissions to be measured in terms of ACLR. ACLR can be directly related to the capacity reduction on deployments in adjacent channels. 
For mask compliance, the OFDM waveform has to be modified. Several options are presented which all have the effect of reducing the bandwidth of the waveform at the level of the near in-mask.
Options for modification of the waveform to meet the spectral mask:

1) Reducing the number of occupied subcarriers from 301 to 265 is sufficient to meet the mask with a small margin. However this results in a 12 % reduction in over the air symbol rate, which is undesirable.
2) Time domain windowing with a ramp time of 18 samples allows the mask to be met. This changes the Cyclic Prefix and so will impact performance, especially in high delay spread channels.
3) Spectrum shaping of the outer 24 carriers can be employed to meet the mask. A performance impact is expected and should be evaluated.
Nortel proposes that RAN WG1 should evaluate the performance impact of the following three options:
	No occupied Subcarriers
	Spectrum shaping
	Time domain windowing

	
	
	r
	shape

	265
	none
	9
	Linear

	301
	none
	18
	Linear

	301
	24 carrier
	9
	Linear


Table 2 E-UTRA DL OFDM Waveform Modifications Required to Meet UTRA Spectrum Mask
If the waveform modifications result in a significant performance impact, then it may be appropriate to make them an option to be used only in regions where FCC mask compliance is required.  In other regions, ACLR alone could be used to define out of band emissions, potentially allowing for a higher capacity E-UTRAN.
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